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Received 16 August 2012; revised 23 October 2012; accepted 20 November 2012AbstractPurpose: The purpose of this study was to determine the extent that a static stretching program could increase heart rate (HR) and oxygen
consumption (VO2), and if the increases were sufficient to serve as a warm-up for aerobic activity.
Methods: The HR and VO2 of 15 male and 16 female college students were measured after either 12 min of passive static stretching (SS), or
12 min pseudo-stretching (PS), which consisted of moving through the stretching positions without placing the muscles on stretch. Four different
lower body stretches were used with each stretch held for 30 s before the participant moved to a different position, with the circuit being repeated
four times. VO2 was determined by averaging breath-by-breath measures over the total 12 min. HR was obtained every 30 s and the 24 values
were averaged. Warm-up benefit was determined from the O2 deficit accrued during 7-min cycling at 60% VO2max.
Results: HR (beats/min, mean  SD) for SS (84  11) was a significant ( p < 0.05) 9% greater than PS (78  12). Similarly, VO2 (mL/min,
mean  SD) for SS (0.53  0.13) was a significant 44% greater than PS (0.38  0.11). The O2 deficit (L, mean  SD) for SS (0.64  1.54) was
not different from PS (0.72  1.61).
Conclusion: These data indicate that passive static stretching increases both HR and VO2, indicating that metabolic activity can be increased
without muscle activation. The magnitude of the increases, however, is not sufficient to elicit a warm-up effect.
Copyright  2012, Shanghai University of Sport. Production and hosting by Elsevier B.V.
Keywords: Acute stretching; Heart rate; Metabolic activity; Oxygen consumption; O2 deficit; Passive stretching
Open access under CC BY-NC-ND license.1. Introduction
Historically, it is widely conjectured that stretching will
promote better performances and reduce the incidence of
injury.1,2 Consequently, exercises designed to enhance flexi-
bility are regularly included in the pre-event warm-up activi-
ties of many athletes.3 Notwithstanding the widespread* Corresponding author.
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http://dx.doi.org/10.1016/j.jshs.2012.12.001acceptance and use of stretching exercises as a major
component of pre-event warm-up, the purported benefits of
stretching upon performance have come into question. Over
the past decade, research has established an adverse effect
of acute static stretching upon various different maximal
performances. Pre-event stretching has demonstrated an
inhibitory effect upon maximal force or torque production,4e7
vertical jump performance,8e10 running speed,11e13 and
muscular endurance.14,15 Thus, it would appear that stretching
is contraindicated as a warm-up modality for anaerobic
activities.
Even though stretching may be contraindicated for anaer-
obic activities, the literature suggests that stretching may not
be detrimental for aerobic activities. First, it is well established
that activation of skeletal muscle mechanoreceptors resultng by Elsevier B.V. Open access under CC BY-NC-ND license.
Table 1
Participant descriptive data.
Gender Age
(year)
Mass
(kg)
Height
(cm)
VO2max
(mL/kg/min)
Female (n ¼ 16) 21  2 68  12 166  6 32.6  5.1
Male (n ¼ 15) 24  2 78  13 178  5 39.7  5.1
Values are mean  SD.
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parasympathetic drive, as well as an increase in sympathetic
drive.16 While static and dynamic muscle contractions are the
primary method by which mechanoreceptors are activated,
passive stretching can also cause a cardiovascular response.
Using passive stretch, Stebbins et al.17 noted an increase in HR
that was approximately one-half of that observed during
muscle contractions. They found that this cardiovascular
response resulted from an initial increase in sympathetic drive,
and a succeeding decrease in parasympathetic influence.
Subsequent studies in humans have confirmed this relationship
between passive stretch and HR. For example, Gladwell and
associates18,19 found that sustained passive stretch can cause
a significant increase in HR. Their data suggested that the
elevations in HR were due to small fiber muscle mechanore-
ceptors inhibiting cardiac vagal activity. Also, Cui et al.20
stretched calf muscles 25 times using cycles consisting of
5-s stretch and 15e25-s relaxation. They found that passive
stretch of the calf muscles induced transient and significant
increases in both HR and muscle sympathetic nerve activity. In
addition to increasing HR, several studies using either cell
culture or isolated animal muscles suggested that the passive
static stretch of muscles could result in elevated metabolic
activity. In 1932, Feng21 found that passively stretched
muscles exhibited increased heat production and oxygen
consumption. Later research corroborated his findings, with
Clinch22 reporting increased heat production, and Whalen
et al.23 and Barnes24 reporting increased oxygen consumption.
In other related studies, passive stretch induced increased
carbon dioxide production,25 increased glycogen breakdown,26
and increased lactic acid production.24 Finally, Nelson and
associates27 showed that passive stretching decreased blood
glucose levels.
In his reviews on warm-up practices, Bishop28,29 reported
several studies that linked warm-up to improved aerobic
performance. Largely, the improved aerobic performance
due to warm-up activities was proposed to act by speeding
up the limiting reaction(s) associated with oxidative phos-
phorylation. In addition, any rise in muscle temperature
could cause both increased in muscle vasodilation and
a rightward shift of the oxyhemoglobin dissociation curve
which would facilitate O2 delivery during the transition to
exercise.30 These changes would allow an individual to begin
with an elevated HR and oxygen consumption the subse-
quent task, and thus reach a higher level of aerobic metab-
olism more quickly.31 This is hypothesized to reduce the
initial O2 deficit and enable the anaerobic system to
contribute to energy supply over period of time.32 Moreover,
the reduction in O2 deficit is more likely to happen for
exercise above the lactate threshold.30 Therefore, the purpose
of this study was twofold. The first purpose was to determine
if a stretching program consisting of four passive stretches
would increase not only a person’s HR but also his/her
oxygen consumption. The second purpose was to determine
if any increase in HR or oxygen consumption was sufficient
to alter the O2 deficit during the first 7 min of a subsequent
aerobic exercise.2. Methods2.1. ParticipantsParticipants consisted of 15 male and 16 female college
students who were physically inactive (Table 1). Informed
written and verbal consent was obtained from each participant
prior to taking part in the experiment, and the appropriate
institutional human participants review committee approved
the study. The participants were not allowed to see the results
until the study was completed.2.2. Study overviewParticipants made three visits to the laboratory. During the
first visit the participants’ stationary cycling peak oxygen
consumption (VO2peak) was determined using a protocol
published previously.33 On the two subsequent visits, each
person’s oxygen consumption and HR were recorded for three
different levels of activity (i.e., quiet sitting, stretching or
pseudo-stretching, and cycling at approximately 65%e70%
VO2peak). For the quiet sitting (QS) condition, each person
rested quietly in a chair for 10 min. After resting for 10 min,
each person did a regimen of either 12 min of passive static
stretching (SS) or pseudo-stretching (PS). Two minutes after
finishing the stretch treatment, the participants cycled for
7 min at a workload that approximated 65%e70% of their
VO2peak. During all conditions (QS, PS, SS, exercise) expired
gases were monitored continuously using a Sensor Medics
Vita Max breath-by-breath system (CareFusion Corporation,
3750 Torrey View Court, San Diego, CA, USA). Additionally,
HR was monitored continuously via a POLAR HR monitor
(Polar Electro, Kempele, Finland) and recorded at 30-s
intervals. The order of PS and SS was balanced across the days
two and three, and minimum of 24 h and maximum of 72 h
separated these two test days.2.3. Stretching protocolThe SS program consisted of four different passive static
stretching activities. The first stretching exercise was a sit-and-
reach. The participant sat on the floor with the legs extended
and the head and trunk were lowered toward the knees. The
second activity was the lotus or butterfly stretch. Here the
participant sat on the floor in the lotus position and then the
head and trunk were lowered toward to the floor. For the third
activity a standing half lotus was performed. While standing
with one foot flat on the floor, the participant placed the
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trunk were then lowered toward the foot of the leg resting
upon the table. The fourth and final exercise was a quadriceps
stretch. For this stretch, the participant stood with their back to
a table with the knee flexed so that the dorsal side of one foot
lay upon the table. From this position, the flexed leg and the
opposite shoulder were pushed toward the table. For each
stretch, an experimenter pushed the participant in the afore-
mentioned directions until the participant acknowledged that
a stretch near their pain tolerance was felt in the stretched
leg(s). This stretch was then maintained on the musculature for
30 s. After which the participant relaxed for 15 s, and then
assumed either the position for opposite leg (stretches 3 and 4)
or next position following the order listed above. This
stretching circuit was repeated a total four times.
For the PS condition, the participant assumed each position
for 45 s without placing any tension upon the musculature.
After 45 s, either the position for opposite leg (stretches 3 and
4) or next position was assumed, and, again, the above circuit
was repeated four times.2.4. 65%e70% VO2peak testOn days two and three each person did a 65%e70%
VO2peak test which commenced 2 min after completing either
SS or PS. Prior to the person sitting on the cycle ergometer,
a member of the research staff set the ergometer resistance to
a level calculated (to the nearest 30 W) to achieve 65%e70%
of the participant’s VO2peak. The participant then sat on the
ergometer and immediately started to pedal at a 90 rpm
cadence. The participant then cycled continuously at this
workload for 7 min. As mentioned previously, breath-by-
breath expired gases were obtained during this test, and used
to calculated oxygen consumption, carbon dioxide production
and respiratory exchange ratio (RER). In addition, HR was
recorded every 30 s.
The total liters of oxygen consumed during the 7-min
exercise were determined by calculating the area under the
VO2: time curve using the trapezoid rule.
34 In addition, the
total energy used as well as the total energy derived from
carbohydrate (CHO) and lipid oxidation for were calculated
for each breath by multiplying VO2 (L/min) and the respective
energy expenditures (total, CHO, and lipid; kJ/min). The total,
CHO, and lipid energy expenditures were obtained from the
RER using the formulae of Lusk.35
Oxygen deficit following either PS or SS was calculated as
the difference between the expected and actual oxygen
consumed during the 7-min exercise. Actual oxygen consumed
was calculated by using the trapezoidal rule,34 and expected
oxygen consumption was calculated from the prediction
equations published by the American College of Sports
Medicine.362.5. Data analysisFig. 1. Heart rate at each 30 s interval during the two stretching treatments.
* indicates an SS value significantly greater than the corresponding PS value
( p < 0.05).The dependent variables analyzed were HR, VO2, and
energy derived from CHO and lipid oxidation. For HR, thevalue analyzed for PS and SS was the average of the 24 30-s
HRs recorded during each test. A paired t test was used to
determine if a difference existed between the PS and SS
dependent variables (i.e., HR, average VO2 (mL/min), total
CHO consumed, and O2 deficit). An additional paired t test
was used to determine whether or not an order effect for
treatments was present (e.g., the HR and VO2 results of the PS
and SS treatments were collapsed across days). The level of
significance was set at p < 0.05, and was adjusted to cover for
multiple comparison ( p value divided by number of compar-
isons). Hence, for significance at the 0.05 level to occur, the t
score was actually tested at the p < 0.0125 level.
In addition, both the HR and total oxygen consumed for
each 30-s period for PS and SS over the length of the stretch
treatment were compared using a two-way ANOVA (stretch
treatment  time) with repeated measures. When appropriate,
Bonferroni t tests were used for post-hoc analysis (Microsoft
Excel, Microsoft, Remond, WA, USA).
3. Results3.1. Order (or day) effectsThere were no significant differences found between the 2
days for either HR ( p ¼ 0.56) or average VO2 ( p ¼ 0.80).3.2. HR and VO2The changes in HR for PS and SS over the length of the
stretch treatment are presented in Fig. 1. The main effect for
stretch treatment (PS vs. SS) was significantly different
(F(1, 58) ¼ 5.14, p < 0.027) with the SS showing a higher HR.
The main effect for time was also significant (F(1, 23) ¼ 8.98,
p < 0.0031). Additionally, a significant interaction
(F(23, 1334) ¼ 2.84, p < 0.0001) between stretch treatment
and time was also found. As seen in Fig. 1, HR fluctuated
during each treatment, and these changes appear to coincide
Fig. 2. Total oxygen consumed over the course of each 30-s interval during
each stretch treatment. * indicates an SS value significantly greater than the
corresponding PS value ( p < 0.05).
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of each treatment. Nevertheless, post-hoc analyses showed that
the PS HRs were significant lower than the SS HRs except at
the 1.5, 4.5, 7.5, and 8 min time points. Finally the average HR
during PS (78  12 beats/min) was significantly lower
( p < 0.0001) than the average HR during SS (84  11 beats/
min). Both of the average HR for PS and SS, however, were
significantly greater than the average HR recorded during the
10 min of quiet sitting (70  11 beats/min).
The changes in VO2 for PS and SS over the length of the
stretch treatment are presented in Fig. 2. The main effect for
stretch treatment (PS vs. SS) was significantly different
(F(1, 58) ¼ 25.81, p < 0.0001) with the SS showing a higher
VO2. The main effect for time was also significant
(F(1, 23) ¼ 18.5, p < 0.0001). Additionally, a significant
interaction (F(23, 1334) ¼ 4.97, p < 0.0001) between stretch
treatment and time was also found, and post-hoc analyses
showed that the PS VO2s were significant lower than the SS
VO2s except at the 0.5 min time point. Finally the average VO2
during PS (0.38  0.11 mL/min) was significantly lower
( p< 0.0001) than the average VO2 during SS (0.53 0.13 mL/
min). Both of the average VO2 for PS and SS, however, were
significantly greater than the average VO2 recorded during the
10 min of quiet sitting (0.23  0.06 mL/min).3.3. Total kJ consumedThe kJ (total, CHO, fat) consumed during the PS and SS
treatments are presented in Table 2. The average PS totalTable 2
The average total, CHO, and fat consumption and O2 deficit between the static
stretch (SS) and pseudo-stretch (PS).
Variable PS SS
Total energy consumed (kJ) 93.9  26.7 131.7  33.3a
Total carbohydrate consumed (kJ) 52.9  18.9 75.7  32.9a
Total fat consumed (kJ) 41.1  19.9 56.1  21.9a
O2 deficit (L) 0.72  1.61 0.64  1.54
Values are mean  SD.
a Indicates an SS value that is significantly greater than PS ( p < 0.05).energy consumption over the 12 min treatment was 28% lower
than the SS total energy consumption, and this difference was
statistically different ( p < 0.05). Comparison between PS and
SS for both CHO kJ and fat kJ consumption were similar to
the total kJ consumption. On average, the PS CHO kJ was
statistically ( p < 0.05) lower (19%) than the SS CHO kJ, and
PS fat kJ was significantly ( p < 0.05) less (22%) than SS fat
kJ. On the other hand, the relative amount of total energy
consumed as CHO for PS (56.8%) and relative amount of total
energy consumed as CHO for SS (56.6%) were not statistically
different ( p ¼ 0.96).3.4. O2 deficitThe O2 deficit (L) for PS and SS are presented in Table 2.
On average, the PS O2 deficit was 18% greater than the SS O2
deficit, but, statistically, PS and SS were not statistically
different ( p ¼ 0.84).
4. Discussion4.1. Stretching effects on HR and VO2A major purpose of this study was to determine if
a program of four passive stretches would increase not only
a person’s HR, but also one’s VO2. An additional purpose was
to determine if any differential increases in HR and VO2,
would translate into an adequate warm-up, demonstrated as
a reduction in O2 deficit. The above data indicate that the
passive static stretching regimen used increases both HR, and
resting VO2 above and beyond that which is seen during either
quiet sitting or moving between the four different body posi-
tions. These findings indicate that the previously demonstrated
in vitro relationships between stretching and metabolism have
correlates with in situ situations. This indicates that when
a person performs assisted stretching, it cannot be assumed
that muscle stretch induced and maintained by any outside
forces is a passive muscle action, and therefore, a metaboli-
cally inert event.
This finding that “passive” exercise does not imply muscle
inactivity is not new. In 2003, Bell et al.37 recorded leg muscle
activity via electromyography (EMG) during 5 min of passive
exercise on either a tandem bicycle or a chair apparatus with
ropes and weights. In both types of passive movement,
noticeable levels of muscle activation were reported, demon-
strating that the leg muscles were not quiescent during passive
movements. Noticeable EMG responses to passive static
stretches have also been reported by other researchers. For
example, using surface electrodes, Condon and Hutton38 re-
ported EMG activity in a statically stretched soleus. The EMG
activity during the static stretch, however, was less than that
seen when using either agonist contraction or hold-relax
techniques. In two studies, McHugh and associates39,40
recorded hamstring surface electrode EMG during passive
straight leg raises. Both studies saw an increase in hamstring
EMG that was as much as 3% of that elicited during
a maximum voluntary contraction. Interestingly, Etnyre and
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increase in EMG activity. Contrary to data reviewed above,
their reported increases in EMG were not observed in the
stretched muscle, but rather in the antagonist muscle. This is
a novel finding to our understanding and we are a loss to
explain this phenomenon. Nevertheless, regardless of where
the increase in EMG is originating, these studies show that
passive static stretching results in some type of muscle
activity, and this muscle activity could be the source of
a significant, albeit small, increase in VO2.
The increased VO2 noted in our current investigation could
be related to alterations in Ca2þ kinetics. Armstrong et al.42
reported an increase in Ca2þ influx from extracellular spaces
into the cells of isolated rat soleus muscles undergoing static
stretching. Increased cytoplasmic Ca2þ can lead to an
increased mitochondrial Ca2þ concentration. Increased mito-
chondrial Ca2þ concentration in turn results in an upregulation
of the rate limiting enzymes found in the oxidative metabolic
pathways,43 and an accelerated oxidative pathway would lead
to an enhanced VO2. Furthermore, Ca
2þ which is released
must be returned to the sarcoplasmic reticulum which requires
the utilization of ATP. This increase in ATP utilization may
partially explain the need for an increase in metabolic rate.
Interestingly, a chronic stretch study by Pattullo et al.44
correlates with the aforementioned supposition that alter-
ations in Ca2þ kinetics could be the mechanism behind the
increase in VO2. In their investigation, Pattullo and
colleagues44 placed the primarily fast glycolytic rabbit tibialis
anterior muscle under chronic stretch. Following 5 weeks of
this stimulus, the number of slow oxidative muscle fibers had
increased fivefold. A fast-to-slow fiber transition is related to
both increased oxidative work and Ca2þ concentrations.44,45
While increased HR and VO2 must occur before one can
consider any activity capable of including a training effect, the
results of this study do not suggest that stretching exercises
alone could either supplant or enhance existing training
programs designed to lead to cardiovascular adaptations. The
results of this study, especially when combined with the
findings of Kokkonen et al.,46 however, suggest that a stretch-
ing program alone may benefit individuals who have very low
physical fitness or who are mobility impaired. The average
VO2 during the static stretching was of a magnitude similar to
the estimated VO2 for walking 1.5 mph. This suggests that
several static stretching sessions could be used as an initial or
adjunct exercise program for patients with low physical
capacities (i.e., functional classes III & IV). The stretching
sessions could initiate improvements in both the skeletal
muscles as well as the cardiovascular system, especially if
further studies are able to identify an optimum stretching dose.
Additionally, the increased carbohydrate utilization supports
the findings of Nelson et al.,27 who showed that a 20-min
stretching program significantly decreased blood glucose
concentrations in an at-risk population. Thus, it would appear
that exposes muscles on to short bouts of stretch has beneficial
effects. Granted, this study did not exam severely challenged
individuals, and so one cannot assume that the magnitude of
change would be similar. Moreover, the stretching programwould most likely need to be modified, because a physically
challenged person may not be able to perform the exact same
stretching regimen. Nevertheless, the possibility of a benefit
exists and is worthy of further study. This study could serve as
a springboard for further investigation into the use of passive
static stretching alone as a modality to improve the physical
work capacity of the very unfit.4.2. Stretching as aerobic exercise warm-upClassically, it has been proposed that warm up may
improve aerobic performances of lasting less than 10 min
by elevating HR and VO2, thus decreasing the initial O2
deficit.28,29 An elevated baseline VO2 allows for less of the
initial work will be completed anaerobically, leaving more of
the anaerobic capacity for the end of the task. This warm-up
benefit may result from either increased oxygen delivery to the
muscles via a rightward shift in the oxygen: hemoglobin
dissociation curve, vasodilation of muscle blood vessels, or
acceleration of the rate-limiting reactions of oxidative phos-
phorylation. Since, as mentioned above, stretching has the
potential to raise HR and VO2, the second research goal was to
examine differences in O2 deficit following the stretch treat-
ments. In this research, the stretching regimen did significantly
raise HR and VO2, but the increases were not sufficient to alter
the O2 deficit. As mentioned above, the increase in average
VO2 during the static stretching was of a magnitude similar to
the estimated VO2 for walking 1.5 mph. As categorized by
Bishop,28,29 warm-up activities that improved performance
raise the VO2 to much higher levels. In fact, Gutin et al.
47
reported that a warm-up exercise equal to 30% VO2max had
no effect on aerobic exercise performance. The average VO2
achieved during SS was equal to approximately 20% of the
participants’ VO2max, thus it should not be surprising SS alone
did not provide a significant warm-up. Moreover, the cycling
activity commenced 3e5-min post stretching, and thus, it is
possible that the VO2 returned closer to the resting baseline in
that intervening period and was actually lower than 20%.
Obviously, there are other activities as easy to perform as
stretching that would elevate the HR and VO2 to a higher
degree, and so, stretching solely for warm-up cannot be
supported.
5. Conclusion
In summary, this study’s data indicate that a passive static
stretching program can increase HR, and resting VO2 above and
beyond that seen during either resting or moving between four
different body positions. Thus, it is possible that regularly
performing stretching exercises can provide more physical
benefits than just an increased joint range of motion. It appears
possible that passive static stretching may be an additional low
intensity activity that severely physically limited individuals
can use to initiate improvements in physical function. Further-
more, this investigation adds credence to previously published
data demonstrating the passive static stretching does not suggest
a lack of muscular activity and does have a metabolic cost.
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